
Association Study Between the Serotonin 1A Receptor (HTR1A)
Gene and Neuroticism, Major Depression, and Anxiety Disorders

J.M. Hettema1,*, S.S. An1, E.J.C.G van den Oord1,3, M.C. Neale1,2, K.S. Kendler1,2, and X.
Chen1
1Department of Psychiatry, Virginia Institute for Psychiatric and Behavioral Genetics, Virginia
Commonwealth University, Richmond, Virginia
2Department of Human Genetics, Virginia Institute for Psychiatric and Behavioral Genetics,
Virginia Commonwealth University, Richmond, Virginia
3Department of Pharmacy, Center for Biomarker Research and Personalized Medicine, Virginia
Commonwealth University, Richmond, Virginia

Abstract
The serotonin neurotransmitter system in general, and the serotonin 1A receptor in particular, has
been broadly implicated in the pathophysiology of mood and anxiety disorders, although the
results of genetic association studies have been mixed. In this study, we examined the serotonin
1A receptor gene, HTR1A, for its association with shared genetic risk across a range of anxiety and
depression-related phenotypes. Using multivariate structural equation modeling, we selected twin
pairs from the population-based Virginia Adult Twin Study of Psychiatric and Substance Use
Disorders scoring at the extremes of a latent genetic risk factor that underlies susceptibility to
neuroticism, major depression, and several anxiety disorders. One member from each selected pair
was entered into a 2-stage, case-control association study for the HTR1A gene. In the resulting
sample of 589 cases and 539 controls, four SNPs spanning the HTR1A locus, including the
C(−1019)G functional promoter polymorphism (rs6295), were screened in stage 1, the positive
results of which were tested for replication in stage 2. While one marker met threshold
significance criteria in stage 1, this association was not replicated in stage 2. Post-hoc analyses did
not reveal association to any of the specific psychiatric phenotypes. Our data suggests that the
HTR1A gene may not play a major role in the genetic susceptibility underlying depressive and
anxiety-related phenotypes.
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INTRODUCTION
Among the various components of the serotonin transmitter system, the serotonin 1A (5-
HT1A) receptor has been strongly implicated in the pathophysiology of anxiety and
depressive states across phylogeny. Several groups have shown that 5-HT1A receptor
knock-out mice exhibit a range of increased fear-related behaviors (see Gross et al. [2000]
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and Toth [2003] for reviews). Complimentary to this, mutant mice that over-expressed 5-
HT1A receptor during development show reduced anxiety-related behaviors [Kusserow et
al., 2004]. In amygdala-kindled rats, fear levels were significantly correlated with 5-HT1A
receptor binding and mRNA expression in the hippocampus [Kalynchuk et al., 2006].
Multiple brain regions in monkeys exhibiting symptoms of behavioral depression showed
reduced 5-HT1A receptor binding via PET imaging [Shively et al., 2006]. Similarly, studies
have demonstrated altered 5-HT1A receptor binding in human subjects with elevated
neuroticism levels [Tauscher et al., 2001], major depression [Meltzer et al., 2004; Parsey et
al., 2006], anxious depression [Sullivan et al., 2005], panic disorder [Neumeister et al.,
2004], and social phobia [Lanzenberger et al., 2007], although not in subjects with
posttraumatic stress disorder [Bonne et al., 2005]. 5-HT1A receptor agonists decrease
anxiety-related behaviors and show utility for treating anxiety [Feighner and Boyer, 1989]
and possibly depressive disorders [Blier and Ward, 2003].

The gene coding the 5-HT1A receptor, HTR1A, is small (1.27 Kb) and intronless, located on
the long arm of chromosome 5. Several early studies failed to find association of several rare
functional variants of this gene with various psychiatric phenotypes [Erdmann et al., 1995;
Kawanishi et al., 1998; Nishiguchi et al., 2002]. A common single nucleotide polymorphism
(SNP rs6295) in the promoter region, C(−1019)G [Wu and Comings, 1999] has been shown
to regulate transcription by binding the transcription factor NUD8 [Albert and Lemonde,
2004], but evidence relating this polymorphism to psychiatric phenotypes has been mixed,
as indicated in Table I. While Strobel et al. [2003] reported significant association of the G
allele with anxiety-related traits of neuroticism and harm avoidance in healthy volunteers,
this was not replicated in a sample of alcohol dependent subjects [Koller et al., 2006].
Lemonde et al. [2003] reported highly significant association of the G allele in separate
Canadian cohorts compared for major depression (129 cases, 134 controls; P = 0.0006) and
suicide completion (102 completers, 116 normal controls; P = 0.00008). However, two
larger follow-up case control studies failed to detect significant association of this
polymorphism with major depression [Arias et al., 2002; Huang et al., 2004]. Besides major
depression, the latter study by Huang et al. examined multiple psychiatric phenotypes
including panic disorder in relation to C(−1019)G, but only found association with
schizophrenia, substance use disorders, and panic attacks. A prior study of German patients
with panic disorder found a trend for association of the G allele with panic disorder that
became marginally significant (P = 0.03) when restricted to those cases identified as having
panic disorder with agoraphobia (n = 101) [Rothe et al., 2004]. The connection between the
various 5-HT1A receptor binding alterations cited earlier and these genetic association
findings is unclear, as genotype at the C(−1019)G polymorphism was unrelated to receptor
binding in a PET study in 140 healthy volunteers [David et al., 2005].

Given the current uncertainty of the role, if any, of HTR1A in human psychopathology, and
the diversity of internalizing phenotypes for which associations with HTR1A have been
reported, in this study we sought to assess the potential association between HTR1A gene
variants and shared genetic risk across a range of depressive and anxiety-related phenotypes
in a large, population-based sample. Specifically, we tested the C(−1019)G promoter
polymorphism as well as other markers that characterize the major allelic variation around
the HTR1A locus.

MATERIALS AND METHODS
Subjects

The subjects in this study derive from the population-based Virginia Adult Twin Study of
Psychiatric and Substance Use Disorders (VATSPSUD) [Kendler and Prescott, 1999;
Kendler and Prescott, 2006]. All subjects were Caucasian and born in Virginia. Approval of
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the local Institutional Review Board was obtained prior to the study and informed consent
was obtained from all subjects prior to data collection.

Diagnostic Measures
We obtained lifetime psychiatric diagnoses via face-to-face or telephone structured
psychiatric interview based on the SCID [Spitzer and Williams, 1985]. We used DSM-III-R
[American Psychiatric Association, 1987] diagnostic criteria to assess lifetime major
depression, and modified DSM-III-R criteria for lifetime generalized anxiety disorder and
panic disorder [Hettema et al., 2001; Kendler et al., 2001a]. Phobia was diagnosed using an
adaptation of DSM-III criteria [American Psychiatric Association, 1980] which required the
presence of one or more of 22 fears which the respondent recognized as unreasonable and
that, in the judgment of the interviewer, objectively interfered with the respondent’s life
[Kendler et al., 2001b]. We included agoraphobia and social phobia in the phenotypic
modeling used for this study (see below). Neuroticism was assessed using the 12 items from
the short form of the Eysenck Personality Questionnaire (EPQ) [Eysenck and Eysenck,
1975] via self-report questionnaire. It was analyzed as an ordinal variable with scores from 0
to 12.

Sample Selection
As described previously [Hettema et al., 2006a], we used a two-stage association design in
which candidate loci were screened in stage 1, the positive results of which were tested for
replication in stage 2. The parameters for this design were calculated using the LGA
program [Robles and van den Oord, 2004] to achieve 80% power to detect markers that
explained 1% of the variance of the liability distribution while controlling the false
discovery rate at 0.1 [van den Oord and Sullivan, 2003]. Using the extreme selection
strategy outlined below, LGA indicated that we needed about 350 subjects in the stage 1 and
1,000 in the stage 2 sample. If any of the markers genotyped in stage 1 met the estimated
threshold P-value of 0.1 or less, they were then also tested in the stage 2 sample.

We have incorporated two novel strategies into our subject selection procedure. First, we
have taken advantage of the extant literature that suggests shared genetic susceptibility
among neuroticism, the anxiety disorders, and major depression [Jardine et al., 1984;
Scherrer et al., 2000; Middeldorp et al., 2005; Hettema et al., 2006b]. Starting with a total of
9270 twin subjects, we used multivariate structural equation modeling to estimate a latent
genetic risk factor for neuroticism that is highly correlated (range 0.6–0.8) with genetic
susceptibility to major depression, generalized anxiety disorder, panic disorder, agoraphobia,
and social phobia (see Hettema et al. [2006b] for details). Like phenotypic factor analysis,
the factor derived from this analysis combines information across the correlated measures
(phenotypes), but in this case uses shared genetic risk as the basis for this combination.
Second, several authors have proposed using extreme phenotypic selection schemes to
maximize the difference in information contained in a sample of subjects assessed on
continuous measures such as blood pressure or depression scores [van den Oord, 1999;
Schork et al., 2000; Van Gestel et al., 2000]. However, unlike these selection schemes based
only upon phenotypic extremes, the use of a genetically informative sample containing twins
allows for the identification of subjects who are at the high and low extremes of genetic risk
as well, as estimated by the twin pair’s score on the above-mentioned genetic factor.
Selecting subjects from the extremes of their underling genetic risk factor should provide a
powerful method for detecting genes of small effect expected to contribute to complex
genetic phenotypes like psychiatric disorders. One member from each twin pair for whom
DNA was available was selected as a case or control based upon scoring above the 80th or
below the 20th percentile, respectively, of the genetic factor extracted from the above
analysis. This produced a total sample size N = 1,128 consisting of 589 cases and 539
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controls, of which 376 and 752 were used in stage 1 and stage 2 respectively. We note that
this is more than just a selection on neuroticism, as, for example, some pairs score in the
upper tail due to high genetic loading on MDD, GAD, etc. and may have relatively low
levels of neuroticism. Overall, the cases had a mean raw neuroticism score of 6.3 (z-score =
1.04) and had the following frequencies of the target psychiatric illnesses: major depressive
disorder (80.1%), generalized anxiety disorder (53.8%), panic disorder (20.5%),
agoraphobia (14.1%), and social phobia (17.5%). The controls were free of these five
disorders and had a mean raw neuroticism score of 0.55 (z-score = −0.89). The phenotypic
distributions did not differ significantly between the stage 1 and stage 2 samples. However,
while stage 1 subjects were selected so that the sexes were equally distributed to maximize
power to detect any sex-specific associations, the stage 2 male-female make-up was about
2:1.

Genotyping
Subjects were instructed to use standard cytology brushes to obtain buccal epithelial cells for
DNA extraction. The method for DNA extraction from the cytology brushes was described
previously [Straub et al., 1999]. SNPs were genotyped by the 5′ nuclease cleavage assay
(also called TaqMan method) [Livak, 1999]. Reactions were performed in 384-well plates
with 5 µl reaction volume containing 0.25 µl of 20× Assays-on-Demand™ SNP assay mix,
2.5 µl of TaqMan universal PCR master mix, and 5 ng of genomic DNA. The conditions for
PCR were initial denaturizing at 95°C for 10 min, followed by 40 cycles of 92°C for 15 sec
and 60°C for 1 min. After the reaction, fluorescence intensities for reporter 1 (VIC,
excitation = 520 ± 10 nm, emission = 550 ± 10 nm) and reporter 2 (FAM, excitation = 490 ±
10 nm, emission = 510 ± 10 nm) were read by the Analyst fluorescence plate reader (LJL
Biosytems, Sunnyvale, CA). Genotypes were scored by a Euclidian clustering algorithm
developed in our laboratory. All genotyped SNPs were checked for deviations from Hardy–
Weinberg equilibrium.

HTR1A is an intronless gene that spans a 1.27 Kb interval on 5q12.3. While several exonic
SNP polymorphisms are listed in dbSNP, none are known to have significant minor allele
frequencies in Caucasian samples. Therefore, in addition to the C(−1019)G promoter
polymorphism rs6295, we selected other SNP markers in an approximately 16 Kb interval
that is part of a larger haplotype block around the HTR1A gene with the aim to tag the major
haplotypes (frequency>1–2%) in that interval observed in the Caucasian panel used by the
TIHMP [2003]. We used the Tagger module of HAPLOVIEW 3.2 [Barrett et al., 2005] with
HapMap Phase II data, specifying aggressive tagging of 2- and 3-marker haplotypes and a
threshold of r2 = 0.8. In all, we genotyped four SNPs around the HTR1A locus.

Statistical Analysis
Pearson’s chi-squared tests were used to test for allelic or genotypic differences by marker
between cases and controls in the two stages. We then used HAPLOVIEW 3.2 [Barrett et
al., 2005] to find the regions of high LD (i.e., haplotype blocks) using the default confidence
interval algorithm [Gabriel et al., 2002]. Haplotype association analyses were performed for
markers within the same haplotype block with the Cocaphase module of the UNPHASED
program [Dudbridge, 2003]. UNPHASED uses the expectation-maximization algorithm
[Excoffier and Slatkin, 1995] to estimate the haplotypes and their frequencies.

RESULTS
The genotype and allele frequencies and results of chi-squared association tests for the four
HTR1A markers genotyped in stages 1 and 2 are listed in Table II and Table III,
respectively. None of the SNPs showed deviations from Hardy–Weinberg equilibrium. Only
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marker 1 (rs1364043) met threshold criteria of allelic P-value <0.1 in our stage 1 sample;
however, this association was not replicated in stage 2. We attempted to genotype one
(synonymous) coding SNP within the gene (rs6294), but it was monomorphic, consistent
with data in dbSNP.

To better understand the LD structure, we constructed haplotype blocks using the default
block search procedure [Gabriel et al., 2002] in HAPLOVIEW 3.2. Markers 1, 2, and 3
occurred on a single haplotype block in our sample, although LD between these markers and
marker 4 was high (D′ >0.9), consistent with CEU HapMap data. We therefore analyzed
association of sliding-window haplotypes created from combinations of all of our SNP
markers. In Table IV, we present the results, by stage, for the 4-marker haplotypes formed
from these SNPs as calculated using the Cocaphase module of UNPHASED. (Results for
shorter 2- and 3-marker haplotypes produced similar patterns.) As indicated, while several
of the marker combinations showed near-significant haplotypic differences between cases
and controls, these came from low frequency haplotypes that were not consistent across
stages. Post-hoc analyses by sex did not provide any additional evidence of association from
individual markers or haplotypes.

Given prior reported associations between the C(−1019)G promoter polymorphism rs6295
and several of our phenotypes, we tested this marker for association with all of the relevant
specific phenotypes within our total sample. Using Cochran–Mantel–Haenszel tests in the
FREQ procedure and regression analysis in the GENMOD procedure in SAS Institute
[1999], we were unable to detect associations with major depression (Ncases = 463),
generalized anxiety disorder (Ncases = 317), panic disorder (Ncases = 122), agoraphobia
(Ncases = 83), social phobia (Ncases = 104), or neuroticism (N = 1063).

DISCUSSION
In this study, we sought to test whether the HTR1A gene is associated with susceptibility to
human internalizing phenotypes, including major depression, a range of anxiety disorders,
and neuroticism. This susceptibility was indexed by a latent genetic factor common to these
phenotypes, the score of which we derived from multivariate twin modeling and
subsequently used to select subjects at the extremes of genetic risk. We entered the resulting
sample of 589 cases and 539 controls into a two-stage association study in which markers
from the candidate locus were screened in stage 1, the positive results of which were tested
for replication in stage 2. While prior studies had focused on the promoter region
C(−1019)G polymorphism (rs6295), we genotyped this plus three other SNPs that accounted
for the major allelic variation across this gene.

Out of the four markers tested in the HTR1A gene, only one met the threshold criterion in
stage 1 of P < 0.1 to be considered for genotyping in the stage 2 sample, but this association
was not replicated in stage 2. Multi-marker haplotypes also failed to show consistent
association across the two stages. Furthermore, given prior reported associations between
the C(−1019)G promoter polymorphism and major depression, panic disorder, and
neuroticism, we tested this marker for association with each specific phenotype within our
total sample, failing to detect any significant association. This is consistent with some, but
not all, of prior studies. Given that this is the largest sample used to test association with
these phenotypes, our data suggests there is little evidence for association of the HTR1A
gene with these depressive and anxiety-related phenotypes.

The results of this study should be interpreted in the context of several potential limitations.
First, we investigated the potential association between the HTR1A gene in subjects selected
for scoring at the extremes of a latent genetic risk factor shared among a group of depressive
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and anxiety spectrum phenotypes. While this unique selection strategy may maximize power
to detect a subset of susceptibility genes common across several psychiatric disorders, it is
different from the typical clinically-assessed cases used in several of the prior studies.
Although all of our high risk subjects had one or more of the target psychiatric phenotypes,
it is unclear how such potential differences may affect comparability between this and prior
studies. Second, although this is the largest sample used thus far to test for association of the
HTR1A gene with these psychiatric conditions, it may nonetheless lack sufficient power to
detect association (if it exists) for some of the less prevalent phenotypes. Third, while we
chose SNP markers designed to capture the major allelic variation across the HTR1A locus
and tagged all of the common haplotypes, we did not test for effects from exonic coding
SNPs within the gene. Furthermore, even a sample as large as ours is likely underpowered to
detect the effects of rare SNPs or haplotypes. Finally, we did not test the effects of gene-by-
environment interactions.

In summary, this study does not support an association between the HTR1A gene and
individual differences in neuroticism or susceptibility to depressive or anxiety disorders.
This does not contradict other studies that find a strong link between functionality of the
HTR1A receptor and related phenotypes; our findings only suggest that HTR1A genetic
variation alone is unlikely to cause these effects.
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TABLE I

Genetic Association Studies of HTR1A C(−1019)G Polymorphism in Depression- and Anxiety-Related
Phenotypes

Study Phenotype
N (cases,
controls)

Association
(allele) Comments

Strobel et al. [2003] NEO and TPQ 284 + (G) Associations with N (P = 0.025) and HA (P = 0.033)

Koller et al. [2006] NEO and TCI 185 − Alcohol-dependent subjects

Lemonde et al. [2003] MDD 129, 134 + (G) P = 0.0006

Arias et al. [2002] MDD 249, 170 −

Huang et al. [2004] MDD 328, 107 −

PD 87, 107 − G allele associated with PA (P = 0.013)

Rothe et al. [2004] PD 134, 134 + (G) + only in subgroup with AG (P = 0.03)

NEO, NEO personality inventory; TPQ, tridimensional personality questionnaire; TCI, temperament and character inventory; N, neuroticism; HA,
harm avoidance; MDD, major depressive disorder; SCZ, schizophrenia; SUD, substance use disorder; PD, panic disorder; PA, panic attack; AG,
agoraphobia.

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2010 April 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hettema et al. Page 11

TA
B

LE
 II

H
TR

1A
 In

di
vi

du
al

 M
ar

ke
r A

ss
oc

ia
tio

n 
R

es
ul

ts
 fo

r S
ta

ge
 1

 (N
 =

 1
88

 C
as

es
, 1

88
 C

on
tro

ls
)

G
en

ot
yp

es
 (%

)
A

lle
le

s (
%

)

M
ar

ke
r

M
ar

ke
r 

ID
(d

bS
N

P)
A

lle
le

s
(m

aj
or

)
G

ro
up

G
en

ot
yp

ic
P-

va
lu

e
A

lle
lic

 P
-v

al
ue

A
1/

A
1

A
1/

A
2

A
2/

A
2

A
1

A
2

1
rs

13
64

04
3

G
/T

C
as

es
59

.0
34

.6
6.

4
0.

08
5

76
.3

23
.7

0.
05

9

(T
)

C
on

tro
ls

66
.0

31
.9

2.
1

81
.9

18
.1

2
rs

14
23

69
1

C
/T

C
as

es
27

.2
47

.1
25

.7
0.

89
9

50
.8

49
.2

0.
71

4

(T
)

C
on

tro
ls

29
.4

45
.5

25
.1

52
.1

47
.9

3
rs

87
85

67
C

/T
C

as
es

28
.0

46
.2

25
.8

0.
96

1
51

.9
48

.9
0.

83
0

(T
)

C
on

tro
ls

29
.3

45
.2

25
.5

51
.1

48
.1

4
rs

62
95

C
/G

C
as

es
27

.8
47

.1
25

.1
0.

93
0

51
.3

48
.7

0.
88

6

(G
)

C
on

tro
ls

29
.3

45
.2

25
.5

51
.9

48
.1

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2010 April 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hettema et al. Page 12

TA
B

LE
 II

I

H
TR

1A
 In

di
vi

du
al

 M
ar

ke
r A

ss
oc

ia
tio

n 
R

es
ul

ts
 fo

r S
ta

ge
 2

 (N
 =

 4
01

 C
as

es
, 3

51
 C

on
tro

ls
)

G
en

ot
yp

es
 (%

)
A

lle
le

s (
%

)

M
ar

ke
r

M
ar

ke
r 

ID
(d

bS
N

P)
A

lle
le

s
(m

aj
or

)
G

ro
up

G
en

ot
yp

ic
P-

va
lu

e
A

lle
lic

P-
va

lu
e

A
1/

A
1

A
1/

A
2

A
2/

A
2

A
1

A
2

1
rs

13
64

04
3

G
/T

C
as

es
59

.0
33

.8
7.

3
0.

88
8

75
.9

24
.1

0.
63

0

(T
)

C
on

tro
ls

60
.7

32
.4

6.
9

76
.9

23
.1

2
rs

14
23

69
1

C
/T

C
as

es
30

.5
45

.7
23

.8
0.

87
6

53
.4

46
.6

0.
96

2

(T
)

C
on

tro
ls

29
.4

47
.7

22
.9

53
.2

46
.8

3
rs

87
85

67
C

/T
C

as
es

30
.8

46
.4

22
.8

0.
46

9
54

.0
46

.0
0.

41
1

(T
)

C
on

tro
ls

26
.9

50
.0

23
.1

51
.9

48
.1

4
rs

62
95

C
/G

C
as

es
30

.4
47

.1
22

.5
0.

59
1

54
.0

46
.0

0.
38

9

(G
)

C
on

tro
ls

27
49

.4
23

.6
51

.7
48

.3

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2010 April 25.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hettema et al. Page 13

TA
B

LE
 IV

H
TR

1A
 H

ap
lo

ty
pe

 A
na

ly
si

s R
es

ul
ts

 fo
r S

ta
ge

 1
 a

nd
 S

ta
ge

 2

St
ag

e
M

ar
ke

rs
G

lo
ba

l
P-

va
lu

e
H

ap
lo

ty
pe

Fr
eq

ue
nc

y
ca

se
s

Fr
eq

ue
nc

y
co

nt
ro

ls
H

ap
lo

ty
pe

P-
va

lu
e

1
1,

 2
, 3

, 4
0.

03
5

1-
1-

1-
1

  0
.4

80
  0

.5
13

0.
37

7

1-
1-

1-
2

  0
.0

22
<0

.0
1

0.
11

6

1-
2-

2-
1

  0
.1

00
<0

.0
1

0.
08

0

1-
2-

2-
2

  0
.2

42
  0

.2
94

0.
10

8

2-
2-

2-
1

  0
.0

11
<0

.0
1

0.
15

8

2-
2-

2-
2

  0
.2

28
  0

.1
79

0.
09

6

2
1,

 2
, 3

, 4
0.

09
1

1-
1-

1-
1

  0
.4

45
  0

.4
58

0.
64

6

1-
1-

1-
2

  0
.0

15
<0

.0
1

0.
04

8

1-
2-

2-
1

<0
.0

1
<0

.0
1

0.
84

9

1-
2-

2-
2

  0
.2

90
  0

.2
83

0.
76

0

2-
2-

2-
1

<0
.0

1
<0

.0
1

0.
04

5

2-
2-

2-
2

  0
.2

28
  0

.2
26

0.
92

1

“1
” 

re
pr

es
en

ts
 th

e 
m

aj
or

 a
lle

le
 a

nd
 “

2”
 th

e 
m

in
or

 a
lle

le
, r

es
pe

ct
iv

el
y,

 fo
r e

ac
h 

SN
P 

m
ar

ke
r i

n 
a 

ha
pl

ot
yp

e.

Am J Med Genet B Neuropsychiatr Genet. Author manuscript; available in PMC 2010 April 25.


